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[57] ABSTRACT

A rotational speed variable type refrigerant compressor
includes a closed vessel in which a refrigerator oil is
received and stored, a rotational speed variable type
motor mechanism and a compressing mechanism driven
by the motor mechanism to compress a refrigerant. The
compressing mechanism includes a slidable part which
comprises a first slidable member made of a ferrous
material with a nitrided layer composed of an iron ni-
tride as a main component formed on the surface
thereof and a second slidable member made of a ferrous
material with an tron oxide layer composed of Fe3QO4 as
a main component formed on the surface thereof along
which the first slidable member comes in slidable
contact with the second slidable member. For example,
a shaft 1s constituted by the first slidable member. In
addition, for example, each of the bearings for rotatably
supporting the shaft 1s consituted by the second slidable
member. Since the slidable part 1s constituted by combi-
native employment of the first slidable member and the
second shidable member, an occurrence of abnormal
wear between the first slidable member and the second
slidable member can be prevented even when a film of
lubricant therebetween is undesirably broken.

17 Claims, 6 Drawing Sheets
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1
REFRIGERANT COMPRESSOR

BACKGROUND OF THE INVENTION

1. FIELLD OF THE INVENTION

The present invention relates generally to a compres-
sor for compressing a refrigerant.

More particularly, the present invention relates to a
slidable part preferably employable for a rotational
speed variable type refrigerant compressor.

Further, the present invention relates to a rotational
speed variable type refrigerant compressor having the
foregoing slidable part used therefor.

2. DESCRIPTION OF THE RELATED ART

To improve a property of wear resistance of machine
parts or components, various kinds of nitriding treat-
ments have been heretofore carried out for the machine
parts or components. In addition, it has been found that
reliability of an apparatus or device can be improved
and its running life can be elongated by utilizing the
technology of nitriding treatment.

This technology of nitriding treatment will briefly be
described below with reference to a refrigerant com-
pressor as one example. For example, a rotary type
refrigerant compressor is constructed such that a motor
mechanism and a compressing mechanism are arranged
in a closed casing. The motor mechanism is operatively
connected to the compressing mechanism via a shaft
extending therebetween. The compressing mechanism
is driven by the motor mechanism via the shaft.

The shaft extends through a cylinder of the compress-
ing mechanism, and the upper and lower ends of the

shaft are rotatably supported by bearings. Specifically,
the shaft is rotatably supported by a bearing in the hous-
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ing and a sub-bearing at the lower end thereof. A part of 35

the shaft in a cylinder is machined in the form of a
crank, and a roller 1s rotatably fitted onto the crank. In
addition, a blade extends through the cylinder to divide
the mtenor of the cylinder into a suction chamber and a
discharge chamber. One end of the blade comes in shd-
able contact with the outer surface of the roller by the
biasing force of a spring. As the shaft is rotated, the
rolier repeatedly performs planetary movement, caus-
ing a refrigerant to be compressed. The compressed
refrigerant is once discharged into the casing and it is
then supplied to the refrigerator side via a discharge
tube extending from the casing.

As mentioned above, the shaft is rotated while com-
ing in slidable contact with the bearing surfaces of the
frame and the subbearing. To smoothly carry out slid-
- able movement of the shdable part, a refrigerator oil is
received and stored 1n the casing. The refrigerator oil is
sucked up by a pump disposed at the lower end of the
shaft so as to allow respective slidable parts to be lubri-
cated with the refrigerator oil.

As will be apparent from the above description, wear
of the shaft and associated components becomes a sig-
nificant problem. Specifically, a thrust portion on the
lower surface of the crank of the shaft 1s rotatably
brought in slidable contact with the subbearing while
receiving the dead weight of the shaft in the motor
mechanism as well as the dead weight of the rotor in the
compressing mechanism. When a film of lubricant on
the slidable surface is broken, the slidable contact sur-
face between the upper surface of the subbearing and
the lower surface of the crank of the shaft is worn as the
shaft is rotated. In addition, since the shaft receives the
biasing force of the spring via the roller and moreover
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receives a pressure in the cylinder, the shaft is thrusted
against the frame and the subbearing, whereby the shaft
is forcibly rotated in the slightly bent or curved state.
For this reason, when the lubricant film is broken, the
outer surface of the shaft and the inner surfaces of the
frame and the subbearing are worn undesirably. To

prevent an occurrence of wearing as mentioned above,
endeavors have been made to improve a property of
wear resistance, e.g., by allowing the surface of the
shaft to be subjected to various kinds of nitriding treat-
ments to form an iron nitride layer on the surface of the
shaft.

However, with respect to a refrigerant compressor
including a rotational speed variable type motor, there
arises a problem that a sufficiently high effect for pre-
venting wear can not be obtained merely by carrying
out nitriding treatment, because the shaft i1s rotated
within the wide operational range from a very low
rotational speed to a very high rotational speed. Espe-
ctally, when the shaft 1s rotated at a low rotational speed
lower than 30 Hz, the lubricant film between the shaft
and the bearing is easily broken. Once the lubricant film
is broken, an opponent member is largely worn, though
wear on the shaft side is suppressed considerably. On
the contrary, when the shaft is rotated at a high rota-
tional speed in excess of 120 Hz, a malfunction of hot
serizure readily takes place even with the shaft which
has been subjected to nitriding treatment, because a
large magnitude of load i1s imparted to the shaft. FI1G. 7
is a diagram which illustrates that a quantity of wear
varies depending on the rotational speed of the shaft.

In view of the foregoing problem, to elevate reliabil-
ity of the rotational speed variable type refrigerant
compressor, many requests have been raised from users
sO as to improve a property of wear resistance of the
slidable members during operation of the refrigerant
compressor not only at a very low rotational sped but

also at a very high rotational speed, because the lubri-
cant film 1is easily broken at these rotational speeds.

SUMMARY OF THE INVENTION

The present invention has been made with the forego-
ing background in mind.

An object of the present invention 1s to provide a
slidable part employable for a rotational speed vanable
type refrigerant compressor wherein an excellent prop-
erty of wear resistance is exhibited under the severe
operational condition that a film of lubricant is broken.

Another object of the present invention is to provide
a rotational speed variable type refrigerant compressor
which makes it possible to improve a property of wear
resistance of a shidable part during operation of the
refrigerant compressor not only at a very low rotational
speed but also at a very high rotational speed at which
a film of lubricant is easily broken and moreover stably
operate the refrigerant compressor for a long period of
time.

To accomplish the former object, the present inven-
tion provide a slidable part employable for a rotational
speed variable type refrigerant compressor, wherein the
slidable part comprises a first slidable member made of
a ferrous material, the first slidable member having a
nitrided layer composed of an iron nitride as a main
component formed on the surface thereof; and a second
slidable member made of a ferrous material, the second
slidable member having an iron oxide layer composed
of Fe3Q4 as a main component formed on the surface
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thereof along which the iron oxide layer comes in slid-
able contact with the nitrided layer.

Further, to accomplish the latter object, the present
invention provides a rotational speed variable type re-
frigerant compressor, wherein the refrigerant compres-

sor comprises a closed vessel in which a refrigerator oil -

1s received and stored; a compressing mechanism in-
cluding a slidable part which comprises 2 first slidable
member made of a ferrous material with a nitrided layer
composed of an iron nitride as a main component
formed on the surface thereof and a second slidable
member made of a ferrous material with an iron oxide
layer composed of Fe304 as a main component formed
on the surface thereof along which the iron oxide layer
comes 1n slidable contact with the nitrided layer, the
compressing mechanism being accommodated in the
closed casing; and a rotational speed variable type
motor mechanism for drniving the compressing mecha-
msm, the motor mechanism being accommodated in the
closed casing.

Since the slidable part in the compressing mechanism
1s constructed by combinative employment of the first
shdable member and the second slidable member, an
occurrence of abnormal wear in the slidable part can
rehably be prevented even when a film of lubricant is
broken. Consequently, the present invention makes it
possible to provide a refrigerant compressor having
high reliability and an elongated running life.

Other objects, features and advantages of the present
mvention will become apparent from reading of the
following description which has been made in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated in the following
drawings in which:

FIG. 1 1s a fragmentary sectional view which sche-
matically illustrates arrangement of two slidable mem-
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bers fabricated in accordance with an embodiment of 4,

the present invention;

FIG. 2 is a partially exploded vertical sectional view
which illustrates the structure of a rotational speed
variable type refrigerant compressor in accordance
with another embodiment of the present invention:

FIG. 3 1s a diagram which shows a X-ray diffraction
pattern on the surface of a shaft fabricated in accor-
dance with the embodiment of the present invention:

F1G. 4 1s a diagram which shows a photoelectronic
spectrum representing an oxide layer on the surface of a
beanng fabricated in accordance with the embodiment
of the present invention;

FIG. § is a sectional view which schematically illus-
trates the structure of a wear resistance testing equip-
ment for testing the shaft fabricated in accordance with
the embodiment of the present invention in respect of a
property of wear resistance;

FIG. 61s a diagram which shows results derived from
wear resistance tests; and

FI1G. 7 1s a diagram which shows a relationship be-
tween a rotational speed of a conventional rotational
speed variable type refrigerant compressor and a quan-
tity of wear.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, the present invention will be described in detail
hereinafter with reference to the accompanying draw-
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ings which illustrate preferred embodiments of the pres-
ent invention.

FIG. 1 1s a fragmentary sectional view which sche-
matically illustrates arrangement of slidable members
employable for a rotational speed variable type refriger-
ant compressor in accordance with the embodiment of
the present mnvention. One of the slidable members, i.e.,-
a first slidable member 11 is constructed such that a
nitrided layer 15 is formed on the surface of a ferrous
material 13 serving as a substrate. Various kinds of
ferrous materials usually used for the slidable members
in the compressor may be employed for the first slidable
member 11, provided that it is proven that they can be
used as a shdable member for the refrigerant compres-
sor. For example, a carbon steel, an alloy steel, a cast
iron, a stainless steel and so forth are employable as a
ferrous material for the first slidable member 11, respec-
tively.

The nitrided layer 15 formed on the surface of the
ferrous material 13 is composed of one of nitrided irons
FeN to Fe4N as a main component. The nitrided layer
15 1s normally dimensioned to have a thickness within
the range of 1 to 100 microns. It is preferable that the
nitride layer 18 has a thickness within the range of 2 to
20 microns. Especially, when the nitrided layer 15 has a
thickness within the range of 2 to 20 microns, it exhibits
ductility to some extent. With this thickness of the ni-
trided layer 1§, a weak point of brittieness inherent to
the nitrided iron 1s compensated by the ductility.

A gas nitriding method, a salt bath nitriding method,
a carburizing/nitriding method, an ion nitriding method
and so forth are employable as a method of forming the
nitrided layer 15, respectively. Among the aforemen-
tioned nitriding methods, the ion nitriding method is
most preferably employable. The ion nitriding method
makes it possible to uniformly nitride a ferrous material
under the operational condition of a lower temperature.
In addition, the iron nitriding method makes it possible
to nitride a ferrous material in a single layer. Since the
ion nitriding method can be practiced at a lower tem-
perature, parts for the refrigerant compressor each ma-
chined with a high dimensional accuracy can be treated
without any thermal deformation. For this reason, it can
be mentioned that the ion nitriding method is suitably
employable for the refrigerant compressor of the pres-
ent invention.

As shown in FIG. 1, the nitrided layer 15 is consti-
tuted by a diffusion layer 15¢ and a compound layer
155. The diffusion layer 15z contributes to stable inte-
gration of the compound layer 155 with the substrate of
the ferrous material 13. The diffusion layer 154 is com-
posed of an iron nitride Fe4N as a main component. On
the other hand, the compound layer 156 is composed of
one of iron nitrides FeN to Fe3N as a main components.
In practice, the compound layer contributes directly to
improvement of wear resistance of the slidable member.

The refrigerant compressor includes a second slidable
member 21 which serves as an opponent member during
slidable movement of the first slidable member 11. The
second slidable member 21 is constructed such that an
iron oxide layer 25 containing Fe3O4 as a main compo-
nent 1s formed on the surface of a ferrous material 23
serving as a substrate. The iron oxide layer 25 is formed
at least on the surface thereof along which the nitrided
layer 15 of the first slidable member 11 comes in slidable
contact with the iron oxide layer 25 of the second slid-
able member 21. According to the embodiment of the
present invention, a slidable part in the refrigerant com-
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pressor i1s constructed by combining the first slidable
member 11 with the second slidable member 21 such
that the nitrided layer 15 comes in slidable contact with
the iron oxide layer 25.

Since the iron oxide layer 25 is composed of Fe3Osas 5
a main component, it has a high hardness. In addition,
the iron oxide layer 25 exhibits a porous state. For this
reason, a lubricant can be reserved in the porous iron
oxide layer 25. As long as the iron oxide layer 25 itself
retains a lubricant in the interior thereof, an excellent 10
slidable contact state can be maintained even when
breakage of a film of lubricant takes place between the
first slidable member 11 and the second slidable member
21. In other words, an occurrence of abnormal wear on
the opponent member relative to the nitrided layer (the 15
second slidable member 21 in the shown embodiment)
can be prevented reliably.

It 1s acceptable that the iron oxide layer 25 formed on
the second slidable member 21 has a thickness within
the range of § to 100 microns. When a thickness of the 20
iron oxide layer 25 composed of Fe30g4 as a main com-
ponent exceeds 100 microns, the iron oxide layer 25 is
easily broken due to its brittleness. On the contrary,
when a thickness of the iron oxide layer 25 is less than
5 microns, the iron oxide layer 25 fails to have a suffi- 25
ciently high hardness.

A method of oxidizing the surface of a substrate
(under an atmosphere of steam having a high tempera-
ture) (hereinafter referred to as surface oxidation treat-
ment) is preferably employable as a method of forming 30
the iron oxide layer 25 composed of Fe3O4 as a main
component, because the surface oxidation treatment
makes it possible to uniformly treat a number of parts or
components. When the surface oxidation treatment is
carned out, not only an ordinary iron oxide layer com- 35
posed of Fe;03 as a main component but also an iron
oxide composed of Fe3O4 as a main component can be
formed on the surface of a substrate. In a case where an
opponent slidable member i1s composed of a nitrided
substrate, the oxide of Fe30O4 exhibits an excellent effect 40
in respect of a property of wear resistance.

The aforementioned slidable members are preferably
employable for, e.g., a refrigerant compressor as shown
in FIG. 2. FIG. 2 1s a fragmentary vertical sectional
view of a closed type refrigerant rotary compressor in 45
accordance with another embodiment of the present
invention.

For example, a rotational speed driving type motor
33 1s accommodated in a closed casing 31. The motor 33
I1s constituted by a stator 35 and a rotor 37. A compress- 50
ing mechanism 39 is arranged at the lower part of the
motor 33. The compressing mechanism 39 is opera-
tively connected to the motor 33 via a shaft 41. The
shaft 41 to be rotated by the motor 33 is rotatably sup-
ported by a bearing in a frame 43 and extends through 55
a cylinder 45. Additionally, the lower end of the shaft
41 1s rotatably supported by a subbearing 47.

A part of the shaft 41 located within the cylinder 45
ts constructed in the form of a crank portion 41a (eccen-
tric portion). A roller 49 is fitted into the space defined 60
between the crank portion 41g and the cylinder 45. As
the shaft 41 is rotated, the roller 49 repeatedly carries
out planetary movement. In addition, a blade 51 is dis-
posed 1n the cylinder 45 while extending through the
cylinder 45. The left-hand end of the blade 51 comes in 65
slidable contact with the outer surface of the roller 48
by the biasing force given by a spring 53. As the roller
49 repeatedly carries out planetary movement, the blade

6

531 moves reciprocably. In addition, the blade 51 divides
the interior of the cylinder 45 into a suction chamber
and a discharge chamber. As the roller 49 carries out
planetary movement as the shaft 41 is rotated, a gas
serving as a refrigerant is introduced into the suction
chamber via an Inlet port so that it is compressed and
discharged to the refrigerator side via an outlet port.

A refrigerator oil 85 is received and stored in the
lower part of the casing 31. As the shaft 31 is rotated,
the refrigerator oil 85 is sucked up by a pump 57
mounted on the lower end of the shaft 31 so as to lubri-
cate respective slidable portions with the refrigerator
oil §§.

The slidable portions in the cooling medium com-
pressor 1n accordance with the embodiment of the pres-
ent invention are noted below.

The shaft 41 receives via the roller 49 the biasing
force of the spring 53 and the force derived from a
pressure in the cylinder 45. These forces squeeze the
shaft 41 against the frame 43 and the subbearing 47,
whereby the shaft 43 is rotated at a high rotational
speed while exhibiting a slightly bent or curved shape.
A thrust part on the lower surface of the crank portion
41 mounted on the shaft 41 comes in slidable contact
with the subbearing 47 while receiving the dead weight
of the rotor 37 as well as the dead weight of the shaft 41
of the motor 33. Thus, the contact region where the
outer surface of the shaft 41 contacts the inner surface
of the subbearing 47 becomes a slidable portion. In
addition, the contact region where the lower surface of
the crank portion 41a contacts the upper surface of the
subbearing 47 becomes a slidable portion too.

According to the embodiment of the present inven-
tion, for example, the refrigerant compressor is con-
structed such that the shaft 41 is constituted by the first
slidable member and each of the frame 43 and the sub-
bearing 47 is constituted by the second slidable member.
Specifically, the shaft 41 is constituted by a ferrous
material, and a nitrided layer composed of an iron ni-
tride as a main components is formed on the surface of
the ferrous material constituting the shaft 41. Addition-
ally, each of the the frame 43 and the subbearing 47 is
constituted by a ferrous material, and an iron oxide
layer composed of Fe30O4 as a main component is
formed at least on their bearing surfaces.

Since the slidable parts are constructed in the above-
described manner, they continuously maintain an excel-
lent property of wear resistance without any occur-
rence of abnormal wear on the nitrided layer and the
iron oxide layer which are located opposite to each
other, even when a film of lubricant is temporarily
broken on the slidable movement surface extending
therebetween. Consequently, a property of resistance of
the shidable parts against wearing during operation of
the refrigerant compressor not only at a high rotational
speed but also at a low rotational speed can be improved
by combinative employment of the shaft and the bear-
ing in the refrigerant compressor in the above-described
manner. In addition, a running life of each of the slid-
able parts can be elongated substantially.

Next, the present invention will be described in more
details below with respect to an example of the slidable
parts, an example of the refrigerant compressor having
the slidable parts used therefor and results derived from

evaluation on the slidable parts and the refrigerant com-
pressor.
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EXAMPLE 1

A first slidable member was employed for a shaft in
the refrigerant compressor of the present invention.
First, a chrominum-molibdenum steel (JIS SCM 35
specified 1n accordance with Japanese Industrial Stan-
dard (hereinafter referred to simply as SCM 35)) was
machined to assume a predetermined configuration
corresponding to the shaft. After completion of the
machining operation, the shaft was immersed in a bath
of acetone for the purpose of deoiling. Then, the shaft
was placed in a glow discharge type ion nitriding equip-
ment including a vessel made of a stainless steel in
which it was held on a base plate. Subsequently, the
equipment was evacuated to reach a vacuum of about
10 Torr by operating an o1l diffusion pump and a rotary
pump. At this time, the base plate was heated to an
elevated temperature of 350° C. Then, a mixture of N>
gas and Hj gas was introduced into the equipment at a
flow rate of 1000 SCCM to maintain the inner pressure
of the equipment at a level of about 5 Torr. Thereafter,
a voltage of 1200 V was applied to electrodes to treat
the shaft for 75 minutes under the operational condition
that an electric power was consumed at a rate of 0.5
W/cm? for the whole surface area of a shaft to be
treated. On' completion of this treatment, a nitrided
layer having a thickness of about 10 microns was
formed on the surface of the shaft.

On the other hand, a second slidable member was
employed for a bearing. First, a cast iron FC 20 was
machined to assume a predetermined configuration.
Subsequently, the bearing was heated to an elevated
temperature within the range of 350° to 450° C. After
the temperature of the bearing was stabilized, a steam
was blown toward the bearing, whereby an iron oxide
layer composed of Fe3O4 as a main component was
formed on the surface of the bearing which was to serve
as a bearing surface.

Cut pieces were obtained from the shaft and the bear-
ing by performing cutting operations. Then, the shaft
was analyzed by X-ray diffraction based on its cut piece
and the bearing was analyzed based on its cut piece by
employing a photoelectronic X-ray spectroscopic ana-
lyzing method so as to visually observe the surface
structure of each of the shaft and the bearing. FIG. 3 is
a diagram which illustrates a X-ray diffraction pattern
on the surface of the shaft for the refrigerant compres-
sor of the present invention. As is apparent from FIG. 3,
a nitrided iron layer composed of Fe; or FesN as a main
component was formed on the surface of the shaft
which has been subjected to ion nitriding treatment.
FIG. 4 1s a diagram which illustrates a photoelectronic
(Fezp) spectrum on the surface of the bearing for the
refrigerant compressor of the present invention. As is
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seizure takes place. In practice, tests for examining a
property of resistance against hot seizure were con-
ducted such that the shaft 61 was rotated at a rotational
speed of 290 rpm and a load was elevated at a rate of
22.5 kgt/3 min to reach a level of 300 Kgf in order to
examine a relationship between the load and the dy-
namic friction coefficient as well as a load value at
which hot seizure took place.

The results derived from the tests revealed that the
dynamic friction coefficient could be held at a low level
when slidable movement was carried out between the
shaft having a nitrided layer formed thereon and the
shaft having an iron oxide layer composed of Fe3zOj4 as
a main component formed thereon, even though the
load was elevated. In addition, no hot seizure was rec-
ognized within the range of a load lower than 3000 K gf.

- This fact i1s apparent from FIG. 6. Further, wear resis-
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apparent from FIG. 4, an iron oxide layer composed of 55

Fe304 as a main component was formed on the surface
of the bearing which had been subjected to surface
oxidation treatment.

Subsequently, the shaft and the bearing were tested
and evaluated in respect of a property of resistance
against hot seizure as well as a dynamic friction coeffici-
ent with the aid of a testing equipment as schematically
shown in FIG. 5. This equipment is constructed such
that a shaft 61 is clamped between an opposing pair of
bearings 63 and the shaft 61 1s then rotated while the
bearings 63 are increasingly tightened to vary a load to
be imparted to the shaft 61, so as to examine a load value
at which the dynamic friction coefficient varies and hot

60

65

tance tests were conducted under a constant load by
operating the aforementioned testing equipment. The
results derived from the tests revealed that the slidable
part constructed by combinative employment of the
first and second slidable members exhibited a very ex-
cellent property of wear resistance.

Next, a refrigerant compressor having the same struc-
ture as that of the refrigerant compressor shown in FIG.
2 was assembled using the shaft and the bearing which
were fabricated in accordance with the embodiment of
the present invention. Then, the refrigerant compressor
was practically operated on the trial basis. The results
derived from the trial operation of the refrigerant com-
pressor revealed that the refrigerant compressor was
well operated within the wide operational range from a
low rotational speed of 60 rpm to a high rotational
speed of 10000 rpm, without an occurrence of abnormal
friction between the shaft and the bearing.

COMPARATIVE EXAMPLE |

A shaft made of a cast iron FCD 55 was combined
with a bearing made of a cast iron FC 20 to construct a
slidable part. Tests were conducted under the same
operational conditions as those in Example 1 so as to
evaluate a property of resistance against hot seizure and
a dynamic friction coefficient. The result derived from
the evaluation is shown together with the result in Ex-
ample 1 in FIG. 6. As is apparent from the drawing, hot
seizure took place with the shaft in Comparative Exam-
ple 1 when a load was elevated to a level of 140 kgf.

Additionally, a refrigerant compressor having the
same structure as that shown in FIG. 2 was assembled
by using the aforementioned slidable part. Then, the
refrigerant compressor was practically operated on the
trial basis. The results derived from the practical opera-
tion of the refrigerant compressor revealed that abnor-
mal wear was caused between the shaft and the bearing
during operation of the refrigerant compressor not only
at a very low rotational speed but also at a very high
rotational speed. Consequently, the refrigerant com-
pressor failed to exhibit sufficiently high reliability.

COMPARATIVE EXAMPLE 2

Tests were conducted under the same operational
conditions as those in Example 1 by using a shaft having
a mtrided layer formed thereon and a bearing having an
iron oxide layer composed of Fe;03 as a main compo-
nent, so as to evaluate a property of resistance against
hot seizure as well as a dynamic friction coefficient. The
result derived from the evaluation is shown together
with that in Example 1 in FIG. 6. As is apparent from
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the drawing, the shaft in Comparative Example 2 had a
high friction coefficient compared with that in Example
1. In addition, hot seizure took place when the load was
elevated to a level of 180 kgf. In other words, the slid-

10

7. The slidable part as claimed in claim 1, wherein
said 1ron oxide layer has a thickness within the range of
> to 100 um.

8. A rotational speed variable type refrigerant com-

able member having an iron oxide layer composed of § Ppressor, comprising;

Fe;03 as a main component formed thereon had a prop-
erty of wear resistance lower than that of the slidable
member having an iron oxide layer composed of Fe3Og4
as a main component in accordance with the embodi-
ment of the present invention.

In addition, a refrigerant compressor having the same
structure as that of the refrigerant compressor shown in
F1G. 2 was assembled using the shaft and the bearing.
Then, the refrigerant compressor was practically oper-
ated on the trial basis. The results derived from the
practical operation of the refrigerant compressor re-
vealed that it was recognized that wear between the
shaft and the bearing proceeded undesirably not only at
a very low operational speed but also at a very high
rotational speed. Consequently, the refrigerant com-
pressor failed to exhibit sufficiently high reliability.

As 15 apparent from the aforementioned results, more
excellent wear resistance could be obtained by forming
on the surface of an opponent slidable member an iron
oxide layer composed of Fe3O4 as a main component
but not an iron oxide layer composed of Fe;O3as a main
component, in order to effectively utilize the nature of
an tron nitride layer formed on the surface of a substrate
for the purpose of improving a property of wear resis-
tance. Specifically, in a case where a nitrided layer
composed of a nitrided iron as a main component is
formed on one of two slidable members made of a fer-
rous material and located opposite to each other, an
excellent property of wear resistance can be realized
within the wide range of a rotational speed by employ-
ing a ferrous material for an opponent slidable member
having an iron oxide layer composed of Fe3O4 formed
on the surface thereof. Additionally, a rotational vari-
able type refrigerant compressor having high reliability
and an elongated running life could be obtained accord-
ing to the present invention.

What is claimed is:

1. A shdable part, comprising;

a first shdable member made of a ferrous material,
said first slidable member having a nitrided layer
composed of an iron nitride as a main component
formed on the surface thereof, and

a second slidable member made of a ferrous material,
said second slidable member having an iron oxide
layer composed of FeiO4 as a main component
formed on the surface thereof along which said
iron oxide layer comes in slidable contact with said
nitrided layer. |

2. The slidable part as claimed in claim 1, wherein
said nitrided layer is composed of an iron nitride includ-
ing FeN to Fe4N as a main component.

3. The shdable part as claimed in tlaim 1, wherein
said nitrided layer comprises an iron nitride layer which
is formed by carrying out ion nitriding treatment.

4. The shidable part as claimed in claim 1, wherein
said nitrided layer has a thickness within the range of 2
to 20 pum.

5. The slidable part as claimed in claim 1, wherein
said iron oxide layer exhibits a porous state.

6. The shidable part as claimed in claim 1, wherein
said iron oxide layer comprises an iron oxide layer
which has been subjected to surface oxidation treat-
ment.
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a closed vessel 1n which a refrigerator oil is received
and stored,

a compressing mechanism including a slidable part
which comprises a first slidable member made of a
ferrous material with a nitrided layer composed of
an iron nitride as a main component formed on the
surface thereof and a second slidable member made
of a ferrous material with an iron oxide layer com-
posed of Fe304 as a main component formed on the
surface thereof along which said iron oxide layer
comes 1In slidable contact with said nitrided layer,
said compressing mechanism being accommodated
in said closed vessel, and

a rotational speed variable type motor mechanism for
driving said compressing mechanism.

9. The refrigerant compressor as claimed in claim 8,
wherein said slidable part comprises a shaft for transmit-
ting a driving force generated by said motor mechanism
to said compressing mechanism and bearings for rotat-
ably supporting said shaft.

10. The refrigerant compressor as claimed in claim 9,
wherein said shaft is constituted by said first slidable
member and each of said bearings is constituted by said
second slidable member.

11. The refrigerant compressor as claimed in claim 8,
wherein said nitrided layer in said slidable part com-
prises an tron nitride layer which has been subjected to
ion nitriding treatment.

12. The refrigerant compressor as claimed in claim 8,

wherein said iron oxide layer in said slidable part exhib-

1tS a porous state. |

13. The refrigerant compressor as claimed in claim 8,
wherein said iron oxide layer in said slidable part is an
iron oxide layer which has been subjected to surface
oxidation treatment.

14. A rotational speed vanable type refrigerant com-
pressor, comprising;

a closed vessel in which a refrigerator oil is received

and stored,

a rotational speed variable type motor mechanism,

a shaft operatively connected to said motor mecha-
nism, said shaft made of a ferrous material with a
nitrided layer composed of an iron nitride as a main
component formed on the surface thereof, and

a compressing mechanism for compressing a refriger-
ant with a driving force transmitted from said
motor mechanism via said shaft, said compressing
mechanism including bearings each made of a fer-
rous material with an iron oxide layer composed of
Fe304 as 2 main component formed on the surface
thereof along which said bearings come in slidable
contact with said shaft, said compressing mecha-
nism being accommodated in said closed vessel.

15. The refrigerant compressor as claimed in claim
14, wherein said nitrided layer in the slidable part is an
iron nitride layer which has been subjected to ion nitrid-
ing treatment.

16. The refrigerant compressor as claimed in claim
14, wherein said iron oxide layer in the slidable part
exhibits a porous state.

17. The refrigerant compressor as claimed in claim
14, wherein said iron oxide layer is an iron oxide layer
which has been subjected to surface oxidation treat-

ment.
x kX X x %
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